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COMPLIANCE WITH OTAGO EXERCISES DELIVERED THROUGH A SOCIAL 
COGNITIVE APPLICATION 
JOSEPH W. GIBSON 
ABSTRACT 
Falls are a significant public health problem with serious consequences.   Fall 
related consequences have the potential to drastically and negatively impact the quality of 
life of patients who fall, and the care for fall patients is already putting a significant strain 
on the health care system.  Advanced age has long been associated with falls.  The 
fraction of the population represented by those of such an advanced age is increasing 
rapidly, subsequently the number of persons at risk for falling is also rapidly increasing.   
While advanced age is non-modifiable, there are many risk factors for falls which 
can be modified to potentially and ideally decrease the prevalence of falls.  Physical 
inactivity is one such risk factor.  Efforts to increase the amount of physical activity 
performed by a population at risk of falling could reduce number of falls in that 
population, and in turn could reduce the negative impact of fall related consequences in 
that population and have significant public health benefits.  A particular set of exercises 
called the Otago exercise has already demonstrated efficacy at reducing fall rates in the 
elderly.  Prior studies of the Otago exercise program were limited by poor compliance. 
 There is evidence that behavioral interventions, particularly social cognitive 
theory, can be an effective means of increasing compliance with recommended physical 
activity regimens.  Smartphones have the potential to be used as more cost effective 
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means of delivery for social cognitive theory.  The effectiveness of such a strategy has 
not been evaluated in the elderly population at risk for falling however. 
 The following proposal is for a randomized controlled trial to investigate the 
effectiveness of a smartphone application designed to utilize the principles of social 
cognitive theory to increase compliance with the Otago exercises in an elderly population 
at risk of falling compared to the standard delivery of the Otago exercise.  Patients from 
the Boston Medical Center geriatric practice will be enrolled to the protocol.  Outcomes 
will include compliance with the prescribed exercises, falls, and engagement with the 
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Falls and fall related injuries are a common health care problem with significant 
consequences.  The immediate and long term effects of falls have the potential to 
substantially reduce the quality of life for those who fall, can result in death, and can 
cause financial and workforce strain on the healthcare system as a whole1.  A unique 
aspect of falls in terms of global health is the increasing population at risk for falling and, 
as such, the increasing incidence of falls2.   
The relationship with advanced age and falling is well established1.  A 2018 
report by the Population Reference Bureau details that presently adults 65 or older 
represent 9% of the World’s population and are projected to reach 16% by 2050.3  As the 
elderly population continues to represent a larger proportion of our total population, the 
number of falls, fall related injuries, and fall related consequences will also continue to 
represent a larger proportion of the total healthcare demand.   
The World Health Organization reported fall-related injuries as the leading cause 
of loss of activity, hospitalization, and long term disability amongst the elderly 
population 2.  The elderly are the fastest growing trauma patient population with 50% of 
their trauma admissions being fall related4.  Hip fractures, traumatic brain injuries, and 
upper limb injuries are the most common fall related injuries requiring admission2.  Each 
have the potential to create loss of independence, can require surgery, can require long-
term rehabilitation, and are associated with morbidity and mortality in the elderly 
population.  The potential consequences of a fall in an elderly person are life-altering.  As 
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the incidence of falls and fall-related consequences increases, measures to prevent falls 
could reduce the burden of falls on the health care system.     
 Statement of the Problem:  
 Advanced age, like many other fall related risk factors, is non-modifiable2.  
Chronic illness, gender, race, among others are examples of risk factors that are linked to 
increased fall risk and cannot be changed.  However, many other risk factors associated 
with falls are behavioral and, thus, modification of these risk factors has the potential to 
reduce the risk of falls.  Alcohol use, medication use, and a sedentary lifestyle are all 
associated with falls and can be modified to potentially mitigate the risk and burden of 
falls in the elderly2.  The World health Organization specified increasing moderate 
physical activity in sedentary older adults as a promising strategy for reducing fall risk, a 
strategy supported by the findings of systemic reviews.  
 The effectiveness of physical activity in reducing fall risk is dependent on 
compliance with a prescribed physical activity regimen or guidelines.  There is evidence 
that behavioral interventions can be more successful than alternative methods at 
increasing levels of physical activity5, but behavioral interventions are expensive and 
difficult to implement during provider-patient interactions.  The popularity of fitness 
monitoring apps has increased in the last decade6.  Many of these products use these same 
behavioral therapy approaches towards promoting physical activity.  There is evidence 
that such tools can be effective but there is limited evidence that they can be effective 
specifically in an elderly population.  Missing from the literature is any investigation as 
to whether such devices can be used to reduce the risk of falls in the elderly.  A mobile 
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health application successful at increasing exercise compliance with a targeted fall-risk-
reduction exercise program that uses behavioral interventions could positively impact fall 
risk and fall consequences.   
Hypothesis:  
A smartphone application that is based on Social Cognitive Theory will increase 
compliance with the Otago exercises in a population of adults over the age of 65. 
Objective and specific aims:  
Given the demand for a reduction in the risk of falls for the geriatric population 
and the evidence that Otago exercises can reduce the risk of falls in this population, the 
objective of this study is to measure compliance with the Otago exercises using a 
behavioral intervention delivered via smartphone app to reduce the frequency of falls.  
Specific aims include: 
- Reviewing the evidence surrounding falls, sedentary lifestyles, Otago 
exercises, behavioral interventions for exercise compliance, and the delivery 
of such interventions through technology; 
- Investigating whether a smartphone application can successfully increase 
compliance with Otago exercises over their standard delivery. 
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REVIEW OF THE LITERATURE 
Overview 
1. Falls as a public health problem 
 The World Health Organization defined a fall in their 2007 Global report on Falls 
prevention in Older Age as unintentionally coming to rest on the ground, floor, or other 
lower level, including the furniture, wall, or any other object,2 which can be further 
specified to not be due to any acute seizure, syncopal episode, or stroke.1 Instances 
meeting this definition place those who fall at risk for a number of long-term sequelae, 
which can be financially draining, dramatically decrease their independence and quality 
of life, and can ultimately be the cause of their death. The acute and long term 
complications of falls not only burden the patients who fall themselves, but also impart 
significant social and financial consequences with an estimated total direct medical cost 
over $50 billion in 2015.1 A 2011 study showed that falls account for 40% of all trauma 
admissions across the US with 50% of these falls occurring in the elderly.4 Increased 
preventative efforts are necessary to maintain quality of life for this population and 
mitigate the increasing demand of fall-related care. While advanced age is a non-
modifiable risk factor associated with falls, there are modifiable risk factors that can be 
intervened upon. Sedentary lifestyles are associated with increased risk of a fall and 
increases in moderate physical activity are associated with decreased risk of fall.  Efforts 
towards increasing the amount of physical activity amongst those at risk of a fall have the 
potential to decrease the incidence of falls and, thus, the numerous complications 
associated with falling.  Attempts have been made in increasing people’s physical activity 
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over the last several decades with moderate success. Mobile health technology may serve 
to bridge the gap between the potential improvement with such physical activity 
suggestions and the actual outcomes. Advances in smartphone technology and personal 
fitness devices in the past decade have the potential to implement personalized behavioral 
interventions and increase compliance with physical activity goals. Increased compliance 
with physical activity regimens in an elderly population at risk for falling may decrease 
the incidence of falls and, thus, reduce fall related complications and consequences. Such 
a reduction could in turn increase the quality of life for the aging population and decrease 
the strain which fall-related care imparts on all parties involved.    
2. Growing population of elderly adults at risk of falling 
The percentage of the population surviving into advanced age is rapidly growing.  
According to the World Health Organization, the population older than 60 years old is the 
fastest growing age demographic worldwide and is projected to reach two billion by the 
year 2050.2  Within this advanced age sub-group of the population, those over the age 80 
are the fastest growing and by 2050 are predicted to make up 20% of the elderly 
population.   
The World Health Organization reported that 28-35% of the population over 65 
worldwide suffer from at least one fall each year.2 Advanced aged is a well-established 
risk factor for falls, with rates of fall rates doubling each decade beyond age 70.1  The 
growth of this population is an encouraging sign of the increased effectiveness of 
healthcare but is also indicative of a need to shift health care demands to better serve the 
elderly population.  As the elderly population grows, so does the incidence of falls, the 
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population of people suffering from long-term effects of falls, the number of fall-related 
deaths, and the already heavy financial burden of fall-related care.  Living in a long-term 
care facility is also associated with an increased risk for a fall.2  As much of the elderly 
population from a lower socioeconomic background lives in such facilities and relies on 
them for care, they are at heightened risk for falling in addition to their other existing risk 
factors.  The World Health Organization reported that 40% of those who experience a fall 
also experienced recurrent falls within a year.2  Thus, as the elderly are at the highest risk 
of a fall and subsequent complications,2 their increasing proportion of the world’s 
population must be supported with preventative measures against falling.   
2.1 Fall related consequences and complications  
The potential consequences of falling can be drastic and long lasting.  Worldwide 
fall related injuries are the leading cause of loss of activity, hospitalization, and long-term 
disability amongst the geriatric population.2  Fall related injuries ranked as the 7th leading 
cause for years lived with disability for the population over 70 and 9th for the population 
between 50-69.7  Falls represent the mechanism of injury behind 10-15% of all 
emergency department visits with more than half of all injury related hospital admissions 
coming from the population over aged 65.2  The most common fall-related injuries 
leading to hospital admissions are hip fracture, traumatic brain injuries, and upper limb 
injuries,1 each of which is associated with significant morbidity, mortality, long 
hospitalizations, inpatient rehabilitation, and long recovery times.  The incidence of fall 
related fractures and spinal cord injuries rose by 131% over a 30 year period according to 
the World Health Organization and is projected to grow by another 100% before the year 
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2030.8  20% of patients over the age of 65 who suffer a hip fracture die within a year of 
their injury and the average hospital stay after a hip-fracture is 20 days.2  Hospital stays 
of that length are very expensive and, more importantly, put patients at significant risk for 
hospital acquired infections and complications due to inactivity.  Patients who fall are 
also at risk for suffering from post-fall syndrome, categorized by dependence, loss of 
mobility, confusion, and depression.1 Post-fall syndrome is associated with increased 
restriction of activity, creating a cycle of decline.1   
The worst complication associated with falls is death.  According to the World 
Health Organization the fall fatality rate in the United States is 36.8 per 100,000 persons 
over the age of 65, 46.2 per 100,000 for men and 31.1 per 100,000 for women.1 These 
numbers dramatically increase to 153.2 per 100,000 men over the age of 85 and 106.4 per 
100,000 women over 85.  These high mortality rates warrant increased preventative 
measures towards modifiable risk factors. A 2011 retrospective cohort study in 
Harborview Medical Center in Washington reviewed the one year outcomes of 1,352 
patients over the age of 65 admitted following a ground level fall.4  The one year 
mortality for the overall study population was 33.2%, which included patients who died 
during the initial hospital admission.4  Patients who were discharged to a skilled nursing 
facility had a 31.3% one year mortality rate, whereas those discharged home had an 8.2% 
mortality rate.  The study population also showed high rates of readmission.  Nearly half 
of participants who survived their initial hospitalization (49.7%) were readmitted within 
the study period of four years.  Of note patients with hip fractures were excluded from 
this study.4  As hip fractures are a severe injury associated with increased mortality, 
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excluding subjects with a hip fracture from this study may mean that their reported 
mortality rates are underestimates of overall mortality. 
3. Risk factors for falls 
There are many risk factors associated with falls (Table 1), some non-modifiable 
and some modifiable.  Biological risk factors like chronic illness, age, gender, and race 
are examples of non-modifiable risk factors.  Physical conditions like physical and 
cognitive decline can be treated or lessened in severity but not completely removed, 
making them potentially modifiable.1  Other categories of fall-related risk factors have a 
similar level of potential modifiability; environmental risk factors like narrow steps, 
slippery surfaces, and poor building design1 can be modified assuming there are resources 
and processes to eliminate or alter these obstacles.  If these resources are absent then such 
risk factors remain non-modifiable.  When combined, risk factors can have a cumulative 
effect.  Low economic status and few resources to alleviate environmental risk factors 
extend the duration of environmental hazards and, thus, prolongs the risk of a fall to 










Table 1: Risk factors by category (adapted from the World Health organization)2 




Caucasian Race Non-Modifiable 
Low Socioeconomic Status Potentially Modifiable 
Age Non-Modifiable 
Physical Conditions Muscle Weakness Potentially Modifiable 
Impaired Balance Potentially Modifiable 
Gait Deficit Potentially Modifiable 
Visual Deficit Potentially Modifiable 
Limited Mobility Potentially Modifiable 
Cognitive Impairment Potentially Modifiable 
Impaired ADL Potentially Modifiable 
Postural Hypotension Potentially Modifiable 
Female Gender Non-Modifiable 
Diabetes Potentially Modifiable 
Parkinson’s Non-Modifiable 
Depression Potentially Modifiable 
Alzheimer’s Non-Modifiable 
Medication Use Benzodiazepines Potentially Modifiable 
Antidepressants Potentially Modifiable 
Antipsychotics Potentially Modifiable 
Antihypertensives  Potentially Modifiable 
Diuretics Potentially Modifiable 
Cardiac Glycosides Potentially Modifiable 
Antiarrhythmics Potentially Modifiable 
Calcium Channel Blockers Potentially Modifiable 




Opiates Potentially Modifiable 
Antihistamines Potentially Modifiable 
Behavioral Sedentary Lifestyle Modifiable 
Alcohol Misuse Modifiable 
Inappropriate Footwear Modifiable 
Environmental Narrow Steps Potentially Modifiable 
Slippery Stairs Potentially Modifiable 
Loose Carpet Potentially Modifiable 






3.1 Rationale for promoting physical activity for fall prevention 
Behavioral risk factors can potentially be modified and used to mitigate risk of 
falls.  Reducing behavioral risk factors can lessen the impact of other socioeconomic and 
environmental risk factors.  Increased physical activity decreases frailty and muscle loss, 
which diminishes the impact that environmental and socioeconomic risk factors can have 
on the chances of one falling.1 The World Health Organization highlights physical 
activity as a promising strategy towards minimizing fall risk. They cite its ability to 
prevent the onset of multiple disease processes, prevent functional capacity decline, and 
point out that moderate physical activity and exercise can also mitigate fall risk through 
its potential to help control weight.2  Muscle and joint health can improve from physical 
activity, leading to improvements in balance, mobility, and reaction time.  Bone mineral 
density can also be improved with physical activity, which in particular can protect 
postmenopausal women.1 Promoting more physically active lifestyles is, thus, an 
important target for further intervention. 
A 2012 Systemic Review compiled by Gillespie and colleagues analyzed 159 
randomized trials of interventions to reduce falls in community-dwelling people over the 
age of 60.  Most of the trials used for the systemic review compared a fall prevention 
intervention with no intervention.  Multiple different types of physical activity 
interventions were utilized in these studies with positive results.  Multiple-component 
group exercise reduced the rate (rate ratio = 0.71, 95% CI; 0.63 – 0.82) and the risk of 
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falling (risk ratio = 0.85, 95% CI; 0.76 – 0.96).  Multiple-component home-based 
exercise similarly reduced the rate (rate ratio = 0.68, 95% CI; 0.58 – 0.80) and risk of 
falls (risk ratio = 0.78, 95% CI; 0.64 – 0.94).  Overall, within the review any sort of 
exercise intervention reduced the risk of sustaining a fall related fracture (risk ratio = 
0.34, 95% CI; 0.18 – 0.63).9 
3.2 OTAGO exercises to reduce falls 
An exercise regimen specifically targeted at reducing falls would be beneficial. A 
1997 study in New Zealand published by Campbell and colleagues investigated a set of 
home exercises designed to prevent falls through increases in strength, balance, and 
flexibility in elderly women.  The study was a randomized controlled trial of women 
living in the community over the age of 80 with 116 individuals in the intervention group 
and 117 in the control group.10  Patients were followed for a year with the number of falls 
and number of fall related injuries as outcomes10.  The mean rate of falls in the exercise 
group and control group were 0.87 and 1.34, respectively (Mean difference = 0.47, 95% 
CI: 0.04 – 0.90).10  This study demonstrated that these particular home exercises could 
lead to a significant reduction in falls in a population of New Zealand women.  Since its 
publication, the exercises, now called Otago exercises, have been further validated. 
Campbell and colleagues published a second study in 2001, “Effectiveness and economic 
evaluation of a nurse delivered home exercise programme to prevent falls I: Randomized 
controlled trial”. In the second trial the investigators evaluated 240 subjects of both 
genders ages 75 or older in which 121 participants received the Otago exercises, and 119 
received usual care.11  The incidence rate ratio of falls was 0.54 (95% CI; 0.32-0.90) in 
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this study.  While these individual studies show promising results, a 2010 systemic 
review of seven trials including 1503 participants provides further evidence of the Otago 
exercises program’s potential.12  The seven studies in this systemic review all included 
community-dwelling adults over the age of 65 and used risk of death, number of falls, 
number of injurious falls, and compliance to the exercise program as outcomes.12  The 
12-month incidence ratio of falls was 0.68 (95%; CI 0.56-0.79) across these seven studies 
for patients who participated in these exercises.  Six of the studies in this systemic review 
reported compliance over the 12 month study duration as an outcome.  Only 274 of the 
747 subjects enrolled in those six studies still remained compliant with the three sessions 
of Otago exercises per week after 12 months.12  The authors of this systemic review did 
not indicate if this statistic is reporting compliance over the entire 12 month study period 
or only in the last week but, in their discussion, they note that more impressive reductions 
in falls might be observed if compliance with the exercises was improved.  
3.3 Physical activity habits amongst older adults 
 Understanding the current activity habits of older adults is necessary to 
understand the practicality of using physical activity as a clinical intervention to 
minimize their risk of falling.  However, a 2013 systematic review concluded that the 
subject of how physically active older adults are has not been adequately measured.13  It 
is difficult to conclude what proportion of older adults are compliant with guidelines 
from the limited data collected about their physical activity habits.13  Their review 
included 53 studies, most of which were conducted in the United States and Australia. 
The aim was to measure the proportions of older adults compliant with the World Health 
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Organization recommendations for minimum regular physical activity (150 minutes of 
moderate or vigorous physical activity per week).13  Over half of the included studies 
were published since the year 2000 but several from the years 1995-1999 were also 
reported.  Forty-seven of the studies measured physical activity with subjective self-
reporting data, while six used objective data from accelerometers.  The proportion of 
older adults compliant with the World Health Organization guidelines across all 53 of 
these studies ranged from 2.4% to 83% with the majority falling between 20 and 60%.13  
20 of these excluded daily household activities and only included “Leisure Time Physical 
Activity” in their measurements.  The remaining studies included anything that could be 
considered exercise, even if it was not done for the purpose of simply being active. Those 
that only included leisure time physical activity reported 6.23% to 67.51% of older adults 
meeting the recommended guidelines, while those that included household activities 
ranged from 10.86% to 66.70%.13  The ranges of physical activity compliance reported in 
this systemic review are large and difficult to draw concrete conclusions from.  However, 
even the most optimistic of these estimates demonstrates that a substantial portion of 
older adults are not sufficiently physically active and that there is room for improvement. 
4. Behavioral interventions to promote physical Activity 
4.1 Initiation of increased physical activity 
The initiation and maintenance of regular physical activity are both challenging 
undertakings that require substantial behavioral and life style changes.  Physical exercise 
in adults can prevent falls, however, there is a need for effective strategies for its 
promotion.  In 2017 Heart Failure Reviews published “Adherence to Recommended 
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Exercise Guidelines in Patients with Heart Failure,” a comprehensive review of studies 
investigating both how compliant patients are with interventional exercise and strategies 
to improve such compliance.  The World Health Organization defines adherence as 
completing at least 80% of the recommended exercise regimen, consistent with 
medication adherence literature.  The Heart Failure Review’s investigation concluded 
that studies that utilized theory-based interventions tended to be more successful in 
getting patients to meet this definition of adherence than those that did not utilize theory-
based strategies.5  Successful studies in this review used Social Cognitive Theory (see 
section 4.2 for a description of Social Cognitive Theory) in motivating patients to adhere 
to their recommended exercise schedules.5  This review did note that studies in which 
adherence was the primary outcome are rare and that strategies used to ensure adherence 
are infrequently used.5  Thus, there is a need to investigate strategies to improve exercise 
adherence.   
A 2009 study published by Duncan et al evaluated an exercise adherence 
management program intended to increase self-efficacy in 22 heart failure patients.  Self-
efficacy is one’s confidence in themselves to produce a desired outcome, and provides a 
structure for identifying components of an adherence program based on goal setting, 
feedback, and monitoring.14  This particular study utilized setting adherence goals with a 
physiotherapist, exercise logs, graphic feedback every three weeks, heart rate monitors, 
an internet website containing information about their exercises, and group support 
sessions.14  The subjects in this study rated the graphic feedback and goal setting as 
particularly helpful in maintaining their exercise frequency, and the results showed an 
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improvement in adherence from prior studies.  The study was limited as the behavioral 
interventions it utilized were not streamlined into a single platform and were not 
consistently available for subjects as they could be if they were implemented into a 
smartphone application.      
It is possible that effective behavioral therapy to encourage and sustain physically 
active lifestyles in the elderly can be implemented more consistently and cost-effectively 
through the emerging industry of wearable fitness devices and smartphone fitness 
applications.5   
4.2 Interventions for Physical Activity based on Social Cognitive Theory 
 Social cognitive theory specifies a set of certainties, the way in which those 
certainties work, and the best way of converting that knowledge to healthy practices.15  
Knowledge of the risks and benefits of a health practice, perceived self-efficacy, and 
outcome expectations with regard to these habits comprise the key certainties of Social 
Cognitive Theory.15  Self-efficacy, or one’s belief that they have the power to produce a 
desired effect through their health habits, is essential for successful change.15 Outcome 
expectations refers to what people believe will occur as a consequence of a specific 
behavior.16  The understanding that people will act in ways that they believe will result in  
favorable outcomes and avoid acting in ways that deliver unfavorable outcomes is a 
central concept of Social Cognitive Theory.16  Goals are also a key element of Social 
Cognitive Theory, serving to mediate the influence of knowledge, outcome expectations, 
and self-efficacy.16  Specific goal setting, self-reward, and self-monitoring are all 
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required to meet goals under Social Cognitive Theory and behavioral goals and self-
monitoring skills can be together referred to as a goal construct.16 
 Successfully achieving a goal of changing a health habit, according to Social 
Cognitive Theory, is not simply done with will power, but also requires motivation and 
the ability to self-monitor.15  The latter is dependent on incentives and social support.15  
Successful implementation of Social Cognitive Theory will include setting short-term 
goals and feedback including progress towards those goals.   
 Another key component of Social Cognitive Theory is triadic reciprocal 
determinism.17  Triadic reciprocal determinism explains that human behavior is dictated 
through reciprocal causation.  Behavior, cognition, and environmental influences all 
interact and are determinants of each other.17  Before Social Cognitive Theory behavior 
had often been described as resulting from one-sided determinism, meaning that behavior 
was influenced by environmental influences or internal dispositions.  With triadic 
reciprocal determinism personal dispositions exert an effect on behavior, environmental 
influences exert an effect on personal dispositions, and behavior exerts an effect on 
environmental influences.17  What this means in terms of behavior is that people are not 
only products of their environment, but also producers of their environment, and their 
behavior will exert a significant influence over that environment.17  This helps increasing 
understanding of why it can be challenging to change ones behavior.  To do so is not 
wholly dependent on one’s personal disposition to do so.  For instance, a sedentary 
person’s behavior will produce sedentary environments, making it increasingly difficult 
for them to increase their activity levels.         
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4.2.1 The PACE trial 
A study of the PACE intervention was conducted and published in San Diego in 
1997.  PACE was designed to specifically target mediators of physical activity from 
Social Cognitive Theory – self-efficacy and social support – to increase physical 
activity.18 The intervention for this study involved subjects meeting with physicians for 
structured goal setting with an emphasis on realistic goals, construction of a physical 
activity plan for two weeks, and distribution of a physical activity log for those two 
weeks.18  The log included examples of exercises to perform and suggestions to 
overcome common obstacles.   
The primary aim of this study was to determine whether the PACE intervention 
could produce improvements in mediators of physical activity that it sought to improve – 
social support, self-efficacy, cognitive processes of change, and behavioral processes of 
change, which were all measured pre-intervention and 4-6 weeks after initiation of the 
PACE intervention.18  Self-efficacy, a key component of Social Cognitive Theory, was 
measured with the self-efficacy for exercise behavior scale.18  Physical activity was a 
secondary outcome and measured with self-reporting.18  The authors of this study 
recruited physicians through which they could recruit subjects.  Physicians were recruited 
from personal contacts with measures to ensure a diverse group of ethnic backgrounds, 
specialty, and location within San Diego County CA.  Control physicians were trained in 
current diagnosis and treatment recommendations for Hepatitis B, while intervention 
physicians were trained in PACE.  Physicians were non-randomly assigned to either the 
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control or intervention group.  The control physicians enrolled 114 subjects and the 
intervention physicians 98.18   
The percentage increase in walking for exercise from baseline was approximately 
100% for the intervention and 27% for the controls but the significance of this was not 
reported.18  The residualized change was calculated for the two groups for each of the 
primary outcomes.  There were significant increases in the cognitive processes of change 
and behavioral processes of change in the intervention group over the control group but 
there were no significant differences between groups for self-efficacy or social support.18   
The results of the study ultimately did not provide much validation for the PACE 
intervention.  It is possible that it was limited by its short intervention time of 4-6 weeks; 
this might not have been sufficient time for the subjects to experience any 
accomplishments, which according to Bandura has the highest impact on self-efficacy.19  
Eighty-four percent of the patients enrolled to the study were female,18 which makes 
these results less generalizable to a population of equal gender distribution, and it is 
possible that a different effect on behavioral change mediators would have been observed 
if the population of participants had a different gender distribution.  The study is also 
limited by significant variation in exercises performed by its subjects.  Subjects discussed 
different unspecified exercises with their physician and were provided information on 
different exercises to perform but the only physical activity measured and analyzed was 
walking.  It is impossible to determine what effect the intervention had on any other 
forms of exercise from these results.  A future study could evaluate a similar intervention 
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with a more specific set of exercises, over a longer period of time, and with more 
engagement.   
The 17 physicians who participated in this study were not randomized.  There 
were 12 male physicians and five female.  10 were family practice physicians, two were 
obstetricians/gynecologists, four practiced internal medicine, and one was a nurse 
practitioner in an unspecified fields.18  Seven worked in their own private practices, six in 
group private practices, two in community clinics, and two in a multispecialty group 
practice.18  It is possible that there was confounding within results of the study due to the 
lack of randomization of such a diverse group of clinicians and the subsequent lack of 
homogeneity between the two groups of subjects enrolled.   
 
4.2.2 Group based cognitive behavioral therapy to increase physical activity 
A study published in the Journal of Applied Biobehavioral Research in 2000 
investigated the effects of a group mediated cognitive behavioral intervention on 
adherence rates to physically active lifestyles in older adults.20  The cognitive behavioral 
intervention was based on Social Cognitive Theory and group dynamics principles.  This 
included self-monitoring, goal setting, feedback, and relapse prevention in a group 
setting.  The aim of this study was to evaluate the effects of a group mediated cognitive 
behavioral intervention on adherence rates of elderly adults after completion of a 6 month 
structured physical activity routine.20  Subjects were randomized to either a group 
mediated cognitive behavioral intervention group, a standard physical activity program 
group, or a control group.  The standard physical activity and group based cognitive 
behavioral group subjects both underwent a 3-month exercise phase involving 
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professional instruction, followed by three months of self-regulated physical activity at 
home supported by telephone encounters, and then three months without any supportive 
communication.  Participants in the group mediated cognitive behavioral and standard 
physical activity groups were given identical walking and exercise routines with equal 
training but those in the cognitive behavioral group also met after such sessions for a 
cognitive behavioral skills session.  These sessions largely focused on goal setting and 
self-monitoring. 
The study enrolled 16 subjects to the group mediated cognitive behavioral group, 
19 to the standard physical activity group, and 15 to the control group.  Subject’s physical 
activity was self-reported using the seven-day physical activity recall at the 9 month 
follow up visit.20  The mean frequency of moderate physical activity sessions per week 
was higher in the group mediated cognitive behavioral group than the standard physical 
activity group, 5.85 and 2.55 sessions respectively, however the mean duration reported 
on the seven day moderate physical activity recall was higher in the standard physical 
activity group than the group mediated cognitive behavioral group, 32.61 and 25.57.20  
There was not a statistically significant difference in the total volume (product of 
frequency and duration of exercise) of moderate physical activity reported on the seven 
day moderate physical activity recall between these two groups.20    
This study demonstrated that, with a group mediated cognitive behavioral 
intervention, adherence to physical activity in adults over the age of 65 could be 
enhanced.  The study is not very generalizable, however.  This study recruited a small 
sample size of adults who lived close enough to this particular facility to be present for 
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weekly training sessions for six continuous months.  The small sample size limited the 
statistical power of the analysis, and a geriatric population including subjects who did not 
live close to such a facility would likely be unable to comply with such a schedule.  
Furthermore, the cost of implementing such regular training sessions would limit such an 
intervention to certain socioeconomic groups if used as a real-world intervention.  The 
frequency of exercise reported in the group mediated cognitive behavioral group was 
higher than the standard physical activity group with statistical significance and the total 
volume of exercise was also increased in the group mediated cognitive behavioral group 
over the standard physical activity group.20 There was not sufficient power to 
demonstrate that this difference in total volume of exercise was significant.20  
Furthermore, in the final three months of follow up, during which the subjects did not 
have supportive contact with the study staff, they only completed the seven day recall for 
moderate physical activity once during the final week. The results of the seven day recall 
the last week of the study are not necessarily reflective of the whole three-month period 
and are subject to bias from self-reporting.  This study confirmed that self-monitoring, 
feedback, and goal setting can increase exercise adherence but they did not demonstrate 
sufficiently that Social Cognitive Theory administered in a group setting is more 
beneficial towards compliance outcomes.        
4.2.3 Social Cognitive Theory delivered through text messages 
A study published in Psychology of Sport and Exercise in 2018 investigated 
delivering social-cognitive theory through text messages to increase the physical activity 
of a group of adults not meeting current physical activity guidelines.  This study enrolled 
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10 adults with no contraindications to physical activity via posted advertisements.  The 
study intervention involved 16 weeks in which subjects wore the activPAL3 activity 
monitor and received five text messages daily.21  The content of these text messages was 
based on social-cognitive theory.21  The messages were written to target social-cognitive 
processes associated with increasing physical activity, social cognitive processes to 
reduce sedentary behavior, or general facts unrelated to either physical activity or 
sedentary behavior.21  The author’s did not list examples of the specific text messages 
that subjects received, but indicated that the messages fell into three main categories: 
“move more” messages, “sit less” messages, and general unrelated facts messages.  
Participants were asked to respond to acknowledge that they had received the message.  
Weekly payments of $15.00 were offered to incentivize participants to respond to 75% of 
the delivered messages and patients who responded within 2 minutes were entered into a 
monthly drawing for a $100.00 prize.   
The outcomes of this study were individual response times to the text message 
stimuli, both in time to respond to text messages, and in stepping time (measured by the 
activPAL3 activity monitors).  The authors of the study looked for patterns of behavioral 
responses to the text message intervention.  98.3% of the messages across all participants 
were confirmed.21  Four out of the 10 participants responded with increased stepping time 
following the delivery of the text messages.  The study did not analyze the results of the 
study population as a whole, and did not compare them to any control group.21 
This study had a very small sample size and as such had limited power to 
demonstrate that such a text-messaged based social-cognitive intervention could have an 
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effect on physical activity behaviors.  The small sample size also makes the results non-
generalizable.  The study provided financial incentive to its patients for engaging with the 
intervention.  Such incentives can introduce bias and, although the results did not support 
the intervention favorably, the financial incentives could have skewed the results towards 
a more favorable outcome than would have been observed without them.  The text 
message system for delivery of Social Cognitive Theory used in this study also did not 
provide any sort of feedback, which evidence has shown is an essential part of a 
successful Social Cognitive Theory intervention to promote physical activity.  This study 
does not favor a text message delivery of Social Cognitive Theory but it was limited in 
statistical power, limited by incomplete use of Social Cognitive Theory, and possibly 
skewed by offering financial incentives to its subjects.  A larger study with a more 
generalizable population, no financial incentives, and a more complete use of Social 
Cognitive Theory as an intervention is needed to fully evaluate cell-phone delivery of 
Social Cognitive Theory to promote physical activity.   
4.2.4 Social Cognitive Theory delivered through a smartphone application and 
Fitbit 
A 2017 study published in the Journal of Behavioral Medicine evaluated the use 
of an adaptive step goal and reward intervention grounded in Social Cognitive Theory 
and delivered through a smartphone application called “Just Walk.”22  The study enrolled 
20 overweight and sedentary adults.  All study participants were given a Fitbit Zip that 
automatically synced with their Just Walk application to track their daily steps.  The 
application delivered step goals every morning, and self-reporting measures were 
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collected twice daily through surveys administered through the application.  Subjects 
were followed for 14 weeks.22  The aim of the study was to demonstrate preliminary 
efficacy of the intervention using mixed effects and longitudinal growth modelling.   
The 20 subjects enrolled had a mean BMI of 33.70 kg/m2, mean age of 47 years 
old, 90% were female, and were walking a mean of 4863 steps per day.22  The mean 
increase in steps per day for the 20 subjects enrolled was 2,650.9 (T=8.5, p < 0.01), 
showing a statistically significant increase in the amount of steps taken per day.22   
The results of this study are encouraging that a Social Cognitive Theory-based 
intervention delivered through a smartphone could be successful at increasing physical 
activity.  The study was limited, however, by its small sample size. Its population was 
90% female with an average age of 47.  As such, the results of this study may not be 
generalizable to population over the age of 65 with equal representation of both genders. 
This study was also not blinded or randomized.  A larger randomized study with a control 
group would be needed to demonstrate that this intervention could be successful as a 
therapeutic approach outside of research.  This study also provided Fitbit for its subjects.  
It is possible that the ability of this intervention to be successful across a larger 
population would be limited to demographics willing and able to purchase and use a 
Fitbit device in addition to their smartphone.  The study also measured increased physical 
activity only by walking and number of steps per day.  Further research would be 
required to determine whether this intervention or a similar one could be useful at 
increasing physical activity with another type of exercise such as the Otago exercises.    
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4.2.5 Randomized controlled trial of automated mobile-phone based personalized 
and adaptive goal-setting intervention to increase step count 
 A 2018 randomized controlled trial published in the Journal of Medical Internet 
Research evaluated the efficacy of an automated mobile phone-based application with 
adaptive goal setting as an intervention to increase step count.23  Although this study did 
not explicitly discuss the use of Social Cognitive Theory in their background or methods, 
they did cite that their intervention was largely based on self-monitoring and goal setting, 
specifically adaptive goal setting.23  As previously described self-monitoring and goal 
setting are key components to Social Cognitive Theory.  The primary outcome of the 
study was a relative change in steps from baseline to the 10 week follow up.  Unlike the 
previously discussed study published in the Journal of Behavioral Interventions, this 
study was a randomized controlled trial.  Subjects in the intervention group received an 
adaptively personalized step goal through the CalFit application, which included the 
capability to measure the subjects’ steps.  Goals were calculated using a behavioral 
analytics algorithm, which was updated weekly based off the users data from the previous 
week.  The control group also used the CalFit application, but were kept at a constant 
goal of 10,000 steps per day.  Patients in both groups received push notifications of their 
daily goal at 8 am, and were then congratulated with another push notification if and 
when they achieved their goal.23  Subjects in both groups received an intervention based 
on Social Cognitive Theory, the authors sought to demonstrate increased effectiveness 
with Social Cognitive Theory used adaptive goal setting instead of constant goal setting. 
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 The study randomized 34 participants to the intervention group and 30 to the 
control group.  The mean age was 41.1, 53 of the 64 subjects were female, and 55% of 
the subjects identified as a racial minority group.  The baseline BMI for the participants 
was 27.3 kg/m2.23  The study started with a “run in” week in which the subjects recorded 
their steps to establish a baseline prior to randomization and initiation.  The mean run in 
steps per day was 7427 for the control group and 7237 for the intervention group 
(P=0.79).23  Subjects were followed for 10 weeks after randomization.  The intervention 
group had a mean decrease in daily step count of 390 with a standard deviation of 490.  
The control group had a decrease of 1350 with a standard deviation of 420 steps per 
day.23  The difference in daily steps between the two groups was 960 steps (95% CI; 90 – 
1830 steps).23  After 10 weeks the intervention group had a reduction in the mean fraction 
of subjects achieving their step goals of 0.34 (standard deviation = 0.05), and the control 
group had a reduction in mean fraction of achieved goals of 0.49 (standard deviation = 
0.04, P=0.03).23  The net difference in fraction of achieved step goals between the two 
groups was 0.15 (95% CI; 0.02 – 0.25).   
 This study was limited by a small sample size, which contained predominantly 
female workers at the University of California at Berkeley, and is not generalizable to a 
broader population.  The mean age of the participants of 41 specifically means that these 
results cannot be applied to a geriatric population without further investigation.  The 
application used was only available for Apple iPhone and excluded subjects with Android 
or non-smartphones, further narrowing the scope of patients that these results could apply 
to.  The study did demonstrate a statistically significant higher step count per day of 960 
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in the adaptive goal setting group over the control group at the end of the 10 week period, 
even though the daily step counts of both groups decreased from baseline.  The study was 
limited by its run-in measurements however, which are likely not a true reflection of the 
subjects’ baseline step counts.  The subjects at that point had already started self-
monitoring with the application and were in a sense receiving a piece of the overall 
intervention.  Furthermore, the decline in step counts observed with both groups over the 
10 week study period may suggest that that behavior needs to be more strongly modified 
for successful adherence to a new exercise regimen.  A future study with an alternative 
means of establishing the baseline step counts that is less susceptible to such an effect 
may demonstrate that the adaptive goal-setting technique is not only favorable over a 
constant goal-setting technique, but actually causes increases in step counts.  
 The study intervention was also limited by not including all the components of 
Social Cognitive Theory.  Although there was goal-setting and self-monitoring, the 
application did not provide any graphic feedback, had limited means of increasing self-
efficacy, and did not serve to educate subjects on the outcomes of their actions.  Although 
the adaptive goal setting technique demonstrated an advantage over a constant goal 
setting technique in this study, a future study that evaluated adaptive goal-setting along 
with the other tenants of Social Cognitive Theory may have the potential to produce more 
significant increases in physical activity.  The intervention also only involved walking as 
a physical activity.  It cannot be concluded from this study if adaptive goal-setting would 
be advantageous over constant goal-setting towards increasing the amount of physical 
activity with an alternative form of physical activity. 
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4.2.6 Preliminary efficacy of the iCanFit web based application to promote physical 
activity in older adults 
  The previously mentioned studies demonstrated potential for Social Cognitive 
Theory to increase the physical activity of subjects when delivered through a smartphone, 
but none of these studies tested their interventions specifically on older adults.  A 2015 
pilot study published in the Journal of Medical Internet Research studied the efficacy of a 
mobile-Enhanced web application called iCanFit in promoting physical activity amongst 
a population of older cancer survivors.24  The main functions of the iCanFit application 
included goal setting and tracking, providing a community or online network for users, 
regular tips for healthy living, and resources for reliable health information.24  This 
function is largely based on Social Cognitive Theory.  The goal setting in this protocol 
included setting long term goals, with cues to set up short-term weekly goals.  The goals 
included a type, frequency, and duration of a physical activity.  Participants were able to 
log their activity on the application in a calendar, and they received tailored messages 
congratulating when they achieved their goal. Subjects were also able to view and track 
their progress as graphs several measurements including total energy expended, total 
minutes exercised, number of days exercised, and comparison between their logged 
activity and their present goals.24   
The outcomes of the study were physical activity, quality of life, and their 
experience with iCanFit.  Subjects completed a baseline survey which measured quality 
of life with seven items, which included self-rated health, overall quality of life, fatigue, 
pain, shortness of breath, stress, and sleep.  They were also asked to gauge their current 
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level of physical activity on a scale from one to five, with one being defined as “not 
engaged in physical activity and have no plan of doing so,” and five by “engaged in 
regular physical activity and has been doing so for more than three months.”  Subjects 
were given the same survey in follow up after 8-12 weeks of using the iCanFit 
application.24     
 The study enrolled 30 subjects, 26 of whom completed the follow up survey after 
2-3 months.  The median age was 69 years with a range of 60-78.  70% of the subjects 
were female, 73% were white, 93% were no longer in cancer treatment, and 46% were in 
monitoring post-treatment.  All of the participants had high-speed internet access at 
home, and most used mobile tools for internet access.24   
 In the baseline surveys three participants said they were not engaged in physical 
activity and had no plan of doing so, and five participants were not engaged in physical 
activity but planned to do so in less than three months.  All of these eight participants 
were engaged in physical activity in the follow-up survey.24  The number of participants 
engaged in regular physical increased from 11 participants at baseline to 15 at follow 
up.24   
 The results of the study demonstrated that the iCanFit application has preliminary 
efficacy at increasing the physical activity of older adult cancer survivors.  The study was 
limited by a small sample size and a short follow up period.  Further investigation over a 
longer follow up will be needed to evaluate if the effects of this study could be 
maintained.  The study population is also potentially non-generalizable.  The subjects 
enrolled all had high speed internet access, and were relatively highly educated, meaning 
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that these results may not necessarily be reproducible across all demographics of older 
adults.  The study’s goal was only to demonstrate initial efficacy, which it achieved.  To 
fully evaluate the iCanFit application potential future studies will need to compare it with 
a control group or alternative intervention. 
 The iCanFit application has been since updated to iCanFit 2.0 based on qualitative 
interviews with the subjects enrolled to the previously mentioned study.  A proposal for a 
trial of iCanFit 2.0 was published in 2017, also in the Journal of Medical Internet 
Research.25  The objective of the proposed iCanFit 2.0 protocol is to test the efficacy of 
the application in a cluster randomized controlled trial in six pairs of primary care 
settings.  The proposed protocol also included giving subjects Fitbit monitors to measure 
their physical activty to reduce the bias of self-reporting but not eliminate the effects of 
self-monitoring.  The proposed intervention aimed to enroll adults 60 years or older with 
a BMI of 25kg/m2 or higher, but did not include surviving cancer as an eligibility criteria 
as the previous trial did.25  This proposed intervention was ultimately not funded and 
never started recruiting subjects.  The study design however had many advantages in 
evaluating the application which had already demonstrated some efficacy.  The proposed 
study’s more generalizable population, reduction in self-reporting, and use of a control 
group would serve to truly validate the applications potential for increasing physical 






5. Other usage of technology to promote physical activity 
Wearable fitness devices and smartphone fitness tracking apps have grown 
substantially in popularity in the last decade.  A systemic review by Strath et al published 
in January 2018 provides findings regarding the accuracy and intervention effects of 
using such devices.  There are now over 400 wearable monitors on the market today 
produced by 250 different manufacturers.6  These devices work largely by detecting 
changes in the user’s acceleration and/or posture.6  Research as to the effectiveness of 
such devices to promote physical activity and to improve health outcomes is sparse but 
Strath et al cite several individual randomized controlled trials with statistically 
significant positive outcomes.  The number of research studies on such health 
technologies is increasing, however. 
 5.1 Health technology for delivery of behavioral interventions 
Consumer products that utilize strategies like self-monitoring have the potential 
for success, while alleviating some of the burden from clinicians and reducing the overall 
cost to the patient.26  A literature review by Lewis et al explored studies examining the 
effectiveness of Gruve, Personal Activity Monitors, and Fitbit devices at increasing 
physical activity.  Several studies showed promising results with significant correlations 
between use of the device and increases in physical activity.26  One particular study 
examining the Gruve wearable device over a 4 week period of time found average 
decreases in sedentary time of 2.3 hours per day, increases in light activity of 2.5 hours 
per day, and increased walking time by 65% per week.26  Another study investigating the 
BodyMediaFit device demonstrated sustained increased compliance to a physical activity 
 
32 
regiment with the use of the BodymediaFit over a standard behavioral weight loss 
regimen at a six month time point.  The use of a portable technological device is 
advantageous for administration of a behavioral therapy because, as long as the device is 
worn and functioning, it allows for continuous application of the behavioral therapy in a 
way previously impossible.27  
5.2 Use of technology to promote physical activity in older adults 
Behavioral interventions can increase physical activity among the population over 
65 but it has not yet been determined if they can be successfully delivered through 
wearable fitness devices or smartphones.  A systemic review of the impact of motion 
sensing technology on older adults by Cooper et al in 2018 provided encouraging 
results.28  This systemic review investigated nine randomized controlled trials in which 
>75% of the participants were 65 years old or older and used wearable accelerometers or 
pedometers as an intervention to increase physical activity.28  Six of these studies also 
included exercise counseling within the intervention, which involved goal setting, 
motivation, education, and identifying barriers to exercise.  The systemic review 
concluded that the use of accelerometers alone or along with other interventions for 
increasing physical activity levels in an older population led to a statistically significant 
improvement in physical activity levels.28  Thus, there is potential for older adults to not 
only use fitness devices but to also improve their physical activity levels from their use.   
6. Usability of fitness technologies to reduce fall risk in the elderly population 
Fitness technologies utilizing theory-based approaches have the potential to 
promote and sustain a physically active lifestyle and physical activity has been identified 
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as an effective strategy for minimizing falls in an elderly at risk of fall 
population.  Whether such fitness technologies can be effective at promoting physical 
activity in this specific population is dependent on the technology being user-friendly and 
accessible for this generation.  How this generation perceives such technology has not 
been fully investigated.  What little research already exists regarding the use of fitness 
technology in the elderly shows some promise.  A 2013 study investigating the use of the 
Fitbit Ultra and Garmin Forerunner in patients with CVD between the ages of 35 and 75 
had study participants rate the usability of the devices on a 100 point scale with both 
devices earning an average score of 71.26  This population has some overlap with the 
population at risk for falling.  The results of this study cannot determine if the patient 
group at risk for falling will find the devices similarly usable but it is encouraging 
especially as the technology has advanced since the study was performed.  The 
Association of Retired Persons (AARP) released a study in 2015 on the use seven activity 
trackers (Misfit Flash, SPIRE, Fitbit Charge, Lumo Lift, Jawbone UP24, Withings Pulse 
O2, and Withings Activite Pop) among older adults.29  The subjects used these over a 6 
week period of time during which they were asked to evaluate the devices.  77% of 
participants found the devices useful.29  This study population had a more substantial 
overlap with the population of elderly at risk of falling and the results of this trial are 
more promising.   
There are also systemic reviews with findings that support and justify further 
investigation of the use of mobile health technologies.  A systemic review in the Journal 
of Medical Internet Research on the use of the Internet to implement behavioral changes 
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regarding health promotion reviewed 85 studies published between 2000 and 2008.  This 
review included studies investigating unspecified behavioral changes, including physical 
activity, tobacco use, and others.30 For all of these studies the primary intervention was 
delivered online and behavioral changes were measured post intervention.  This review 
found that these internet interventions had a statistically significant effect on behavior.  
The magnitude of this effect increased in those studies that used behavioral change 
techniques like Theory of Planned Behavior with the most successful including additional 
methods of communication, such as text messages, with participants.  This review 
included studies targeting a wide range of behavioral changes not limited to increases in 
physical activity but its conclusions generate optimism.  The decade following the most 
recent publication of this systemic review has included significant increases in the 
accessibility of the internet via smartphones and apps, furthering its potential. 
These results are encouraging but are not specific to a population at risk for falls.     
Another review published by Ageing Research Reviews in 2011 serves as a more 
targeted systematic review towards the goal of this investigation.  This review included 
12 studies aiming to increase physical activity, in which a control group was used for 
comparison, specifically in adults over the age of 50.31  These studies included largely 
online self-monitoring, online goal setting, and email notification systems.31  The results 
were reassuring.  The authors concluded that self-monitoring and goals setting can 
successfully be delivered via internet interventions and have a positive effect on the 
amount of physical activity performed by a population over age 50.31    
      
 
35 
7. Proposed intervention 
 There is a need to increase efforts to prevent falls in the elderly population.  The 
OTAGO exercises have demonstrated the ability to reduce fall risk and serve as an 
effective fall prevention therapy but their use has been limited by poor compliance in 
prior studies.  Behavioral interventions have the potential to improve compliance with 
exercise.  Mobile health technologies to promote exercise can be based on such 
behavioral interventions, and there is evidence that the elderly population finds such 
technologies usable.  Delivering such behavioral interventions through a smartphone 
application to increase compliance with OTAGO exercises has not been investigated.    
8. METHODS 
8.1 Study Design 
This proposed study is a single blind randomized controlled trial to compare the 
compliance and rate of falls of community dwelling subjects over the age of 65 receiving 
the OTAGO exercise program in its original form to those receiving it through a 
smartphone application utilizing behavioral interventions over a 12 month period of time.   
8.2 Study population and sampling 
Patients participating in this study will be recruited from the Boston Medical 
Center Geriatric clinic.  These patients will be selected based off the inclusion and 
exclusion criteria outlined below (Table 2).  A systemic review of randomized controlled 
trials found that 36.7% (+/-15.8%) of subjects were compliant with the OTAGO regimen 
and were still exercising three or more times per week 12. Thus a sample size of 125 in 
each group is needed to provide 80% power to detect a relative increase in compliance of 
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50% from that over a year at an alpha of 0.05.  To account for a potential dropout rate of 
30% over the course of the year, the study will seek to include a sample size of 194 
people in each group.   
Table 2: Inclusion and Exclusion Criteria for the Proposed Study 
Inclusion Criteria Exclusion Criteria 
Older adults aged ≥ 65 years living 
independently in their communities. This 
includes subjects who live with a 
significant other or other family member, 
but do not rely on their co-inhabitants to 
perform activities of daily living. 
Living in the community but completely 
reliant upon a significant other or other 
family member for activities of daily 
living. 
Able to walk without mobility aids such 
as canes or walkers 
Living in a residential nursing home. 
Owner of a smartphone device Severe vision impairments that do not 
permit the reading of the exercise-
program booklet or text on a smartphone 
device 
Can read and write in English In physiotherapy treatment that trains 
balance 
 Cognitive impairment (<24 points on the 
Minimal Mental Status Examination) 
 A fall in the last 12 months requiring 








9.1 Control group: 
Those in the control group will receive the OTAGO exercise plan through a 
trained physiotherapist in its original delivery method.  This will include four home visits 
from a physiotherapist in the first two months for education and development of the 
flexibility exercises, strength and balance exercises, and the walking plan (Appendix 
Table 1). This will include instructing subjects to perform the flexibility, strengthening, 
and balance exercises three times per week with a day of rest between and two weekly 
walking sessions up to 30 minutes.  After the fourth home visit within the first two 
months, monthly phone calls will be scheduled between the physiotherapist and the 
subjects with additional home visits every 6 months.   
 At the first home visit the instructor will work to form a relationship with the 
subject, address individual factors that might limit or modify the program, make baseline 
strength assessments, and begin the exercise program.  The instructor will give the 
subjects an exercise booklet and discuss the illustrations in the booklet with the subject, 
ensuring an understanding of each exercise.  The physiotherapist will also verify that the 
subject has the ability to perform the exercises safely. The booklet will also include pages 
for the subjects to log their exercise sessions.   
9.2 Intervention group: 
 Subjects in the intervention group will receive the OTAGO exercise plan through 
a smartphone application utilizing Social Cognitive Theory as an intervention.  Subjects 
in this group will receive the same introductory home visit with a physiotherapist as those 
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in the control group.  At this visit the physiotherapist will similarly address individual 
factors that might limit or modify the program, make baseline strength assessments, and 
begin the exercise program.  Beginning the exercise program will include discussing the 
exercise illustrations within the smartphone application with the subjects, ensuring an 
understanding of each exercise, and the physiotherapist’s verification of safety and ability 
with performance.  The physiotherapist will also instruct the subjects on how to interact 
with the application.  After this introductory visit with the physiotherapist, those subjects 
in the intervention group will also have the same remaining three home visits in the first 
two months, monthly phone calls, and additional home visits every six months with the 
physiotherapist.   
 After the introductory visit the application will serve as both the behavioral 
intervention to promote compliance and as the record of the patient’s performance.  The 
application will address the key constructs of Social Cognitive Theory - the knowledge 
the subjects have regarding their physical activity, the outcomes that they associate with 
that activity, and will work to increase their self-efficacy.  The app will prompt patients 
to set short-term goals at a weekly frequency.  They will be able to perform self-
monitoring by logging their exercises into the application.  The application will provide 
graphic feedback to the patients, weekly and in real time whenever they may want to see 
it. At the end of each week it will provide an incentive by notifying and congratulating 
the subject if they achieved their goal for that week.  When subjects receive a 
congratulatory notification, it will also include a statement reminding the patient of the 
potential positive outcomes associated with their physical activity compliance.  Should 
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the subject fail to meet their goal, they will receive a notification informing them how 
close they were to their goal, which also includes a statement to remind them of the 
positive outcomes associated with doing the OTAGO exercises.  Videos of the 
physiotherapist demonstrating the flexibility, balance, and strength exercises will also be 
included in the application for patients to view should they have questions or forget 
specific instructions from the introductory home visit.    
10. Study Variables and Measurement Tools 
10.1 Compliance: 
The primary outcome of this study is compliance with the prescribed 3 weekly 
OTAGO exercise sessions and 2 weekly walking sessions.  Only complete exercise 
sessions will be counted towards each subject’s total and the subjects will be instructed to 
only log complete sessions. The World Health Organization defines this as meeting 80% 
of the recommended dose2. Subjects completing 80% or more of the exercise sessions 
over the study period will be considered compliant.  The subjects in the control group 
will complete physical logs, located in the back of their Otago exercise booklet. These 
logs will appear as a calendar, with a list of the Otago exercises and a 30 minute walking 
session listed on each date alongside a check box.  Subjects will be instructed to check 
off what the complete on a daily basis.  For the subjects in the intervention group the 
application will also serve as the log for subjects in the control group. The electronic 
view of the log will be as identical to that of the physical copy as possible, appearing as a 
checklist of Otago exercises and the walking session for each date.  Subjects will be 




One secondary outcome of the study will be the rate of falls.  A fall will be 
defined as any unintentional coming to rest on the ground, floor, or any other lower level 
excluding the wall or furniture10.  Subjects will be educated on the definition of a fall for 
this study.  Subjects of both groups will be provided with a physical fall log book, which 
will similarly appear as a calendar with space for the subjects to record if they had a fall 
on any given date, and paid postage to mail their fall logs to the study coordinator 
regardless of whether any falls have occurred.     
10.3 Engagement: 
An additional secondary outcome of the study will be the engagement of subjects 
in intervention group with the application.  This will be measured by the number of app 
recording log-ins and length of screen-time.   
10.4 Self-Efficacy: 
 An additional secondary outcome of the study will be self-efficacy for physical 
activity.  This will be measured at baseline and at the conclusion of the study using the 
self-efficacy for exercise behavior scale.32  
10.5 Demographics: 
 Subjects ‘characteristics including sex, age, race, number of historical falls, and 
baseline medical conditions will be documented. 
11. Recruitment 
Potential study participants will be recruited the from the Boston Medical Center 
outpatient Geriatric clinic.  Study coordinators will approach potential patients in the 
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waiting rooms of these outpatient clinics, explain the study, and record the contact 
information for interested patients.  The study coordinators will then schedule a visit 
between the interested patients and the Principal investigator and the potential subject.  
At this visit the principal investigator will fully explain the study’s design and aims and 
screen for eligibility.  Eligible patients who elect to participate will sign informed written 
consent with principal investigator. After consent is obtained subjects will be randomized 
through a computer with the goal of equal sex and age distribution.  
12. Data Collection 
12.1 Compliance: 
The coordinator will call the subjects in both groups on a monthly basis.  During 
these phone calls the coordinator will ask the control group to verbally report their 
exercise logs to them over the phone and to send copies back in the mail for verification.  
Logs from the intervention group will be transmitted automatically in real time.  
12.2 Falls: 
During the monthly phone calls with both groups the study coordinator will 
inquire if there have been any falls meeting the protocol definition since the last phone 
call.  Patients will already have been educated to fill out their fall logs and mail them at a 
monthly basis regardless of whether there were any falls.  The study coordinators will 
remind them of this during the phone calls. 
12.3 Engagement: 
Data on patient interaction with the app, log-ins and screen time, will be included 




The coordinator will administer the self-efficacy for exercise behavior scale at the 
screening visit and over the phone at the conclusion of the study.   
12.5 Demographics:  
 Study coordinators will interview subjects to document characteristics including 
sex, age, race, number of historical falls, and baseline medical conditions at baseline. 
  
13. Data Analysis 
13.1 Compliance: 
The primary outcome being measured is compliance with the prescribed OTAGO 
exercise program.  The proportion of patients compliant with 80% of the prescribed 
OTAGO exercises in the control and intervention groups will be compared with a chi-
squared test.      
13.2 Falls: 
The rate of falls will be recorded on Kaplan-Meier curves to compare the time to 
fall while enrolled on the study and the rate ratio will be calculated to compare the two 
groups along with 95% confidence intervals, and the log rank test to determine if there is 
a statistically significant difference in rate of falls between the two groups.   
13.3 Engagement:   
The engagement with the application for the intervention group will be measured 
with logins and length of screen time.  The mean and standard deviations for logins and 
screen time will be calculated.  There will be no data to compare these figures to as no 
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such information will be collected from the control group.  These results will described 
descriptively and compared with other similar metrics available in the literature from 
comparable studies.  
13.4 Self-Efficacy: 
Self-efficacy for physical activity will be measured for each group using the self-
efficacy for exercise behavior scale32 at baseline and at the conclusion of the intervention.  
The residualized change scores will be calculated from the self-efficacy scales and 
compared between the two groups using a Z test.   
13.5 Demographic information: 
Subjects’ characteristics including sex, age, and history of falls will be recorded at 
the beginning of the study.  The mean and standard deviation for age and number of falls 
in a subject’s history will be compared between the two groups using independent t tests.  
The number of male and female subjects will be compared between the control and 
intervention groups using a chi-squared test.  
14. Timeline and Resources 
 To conduct this study a smartphone application development team will first be 
required to make the app, which will take a full year.  Once made two study coordinators 
and a single principal investigator at the Boston Medical Center Geriatric clinic will be 
required to screen and enroll 194 subjects per study arm.  Two physiotherapists trained 
for OTAGO exercises will need to be hired and trained to use the OTAGO smartphone 
application by the app developers.  Per patient two OTAGO exercise ankle weights, an 
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OTAGO exercise booklet, and two Self-efficacy for physical activity surveys will be 
required.   
 This study will take 3 years to complete (Table 3).  The smartphone application 
development team will require a year to create and evaluate the application from the fall 
of 2019 through the end of summer 2020.  In the fall of 2020 the study will be submitted 
for full IRB board review.  After approval patient recruitment, enrollment, 
randomization, and intervention will start in January of 2020.  It is estimated that 
recruitment and enrollment of all 388 subjects will take a full year, and as the 
intervention period is a full year the final enrolled subjects will complete their 
intervention around January of 2022.  The data analysis will proceed through the spring 
of 2022, and in the summer of 2022 the complete manuscript will be submitted for peer 
review.   
 
Table 3: Study Timeline  
Fall 2019 – Summer 2020 Smartphone application development team 
will create the application 
Fall 2020 IRB Submission and Approval 
January 2020 – January 2022 Patient recruitment, enrollment, 
randomization, and intervention 
Spring 2022 Data Analysis 






15. Institutional Review Board 
An application delineating the protocol of this study will be submitted for full board 
review to the Boston University Medical Campus Institutional Review Board.  The 
protocol will require full board review because there is risk of injury to the subjects while 
they perform the exercises and walking routines and the identifying information about the 







This study aims to provide an accessible strategy to increase compliance with an 
evidence-based exercise program designed to reduce the risk of falls.  The Otago exercise 
program has existed for over 20 years with strong evidence that it can reduce the 
incidence of falls and fall related outcomes in the elderly population.  Existing studies on 
the Otago exercises cite poor compliance as a factor that may limit the potential of these 
exercise to reduce falls.  Compliance is not commonly investigated as a primary outcome 
and literature regarding strategies to promote compliance to any exercise regimen is 
scarce. The little evidence that does exists shows some benefit from behavioral therapies 
promoting self-efficacy.  These interventions are limited in their potential due to the 
difficulties implementing them.  This study will serve to evaluate a proposed method of 
improving compliance and bridge a gap in existing literature by studying compliance as 
its primary outcome.   
16.1.2 Limitations 
This study is limited in its power to detect a significant difference in the rate of 
falls among study participants.  The primary outcome is compliance and the sample size 
was determined to be sufficient to confirm a significant difference in compliance between 
the intervention and control groups.  However, the study will not be sufficiently powered 
to detect a difference in the secondary outcome - the rate of falls.  Although study will be 
conducted in an elderly population at risk of falling and utilizes an exercise intervention 
structured towards reducing falls, future studies with larger sample sizes and sufficient 
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power will be required to determine whether the Otago exercise smartphone application 
can serve to provide a statistically significant reduction in falls compared with that using 
its standard delivery of the regimen.     
 Engagement with the smartphone application could be a potential obstacle 
towards interpreting the results of this study.  Conclusions on the effectiveness of the 
application to increase compliance can only be drawn if the interaction with the 
application results are favorable.  If there is minimal interaction with the application, it 
will be impossible to determine if any increases in compliance are because the 
application was successful or if any lack of improvement with compliance were because 
the application was unsuccessful.    
The study will recruit patients over the age of 65 from the BMC geriatric 
outpatient clinic.  It will be generalizable only to a population that reflects the 
demographics of this clinic, but as this is a diverse population the results of the study will 
likely be more generalizable than similar studies in other locations.  In order to fully 
determine if the application could be successful across a broader population, larger 
studies would be required enrolling patients from a wider range of regional and 
demographic backgrounds.  The baseline risk of fall, the functional capacity, and the 
willingness to use the smartphone application could all potentially vary across different 
regions of the country. Thus, the potential for this app to improve compliance and the risk 
of falls in a national geriatric population will not be accessible from the results of this 
trial.   
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Smartphone ownership is an eligibility requirement for participation in this study, 
which can potentially introduce a sample bias.  The results of this study will only be 
generalizable to smartphone owners, as would the therapeutic potential of the application.  
Excluding non-smartphone owners as a group could potentially restrict certain 
socioeconomic groups.  To overcome this barrier, providing smartphones to interested 
participants who do not already own such devices was considered.  However, providing 
the devices and adequate training on how to use them would be costly and would not 
likely translate into a realistic therapeutic approach.   
The ultimate goal of this study is to evaluate a way to deliver the Otago exercise 
program to patients through an application that both increases their compliance, and 
reduces the overall cost. The physiotherapy sessions included in the standard delivery of 
the Otago exercises are costly and time consuming, and as such limit the potential of this 
therapy to be used amongst a diverse group of patients.  The subjects receiving the Otago 
exercises through the smartphone application in this study will still be receiving all of the 
prescribed physiotherapy sessions, like the control group, that are indicated in the 
standard delivery of the Otago exercises.  The physiotherapy visits themselves could have 
a potential effect on compliance.  By keeping the physiotherapy sessions as a part of the 
protocol for both the control group and the intervention group, ideally, the impact of 
these physiotherapy visits on compliance will be even between the two groups, and any 
observed difference in compliance could be attributed to the application.  If the results of 
this study show a significant increase in compliance in the intervention group over the 
control group, further studies will be needed to investigate if this increased compliance 
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could be observed with the application alone and no physiotherapy visits.  The 
physiotherapy visits can also have an impact on the effectiveness of the exercises, as the 
physiotherapy visits could have a positive impact on the quality of performance with the 
exercises which the application, potentially, may not be as effective at providing.  If the 
results of this study show a reduction in the rate of falls in the intervention group over the 
control group, further research will also be necessary to determine if the Otago exercise 
application can be effective at reducing falls on its own without the aid of physiotherapy 
visits.   
Subjects in the control and intervention groups will be reporting their compliance 
through two different methods of self-reporting as previously described.  Self-reporting 
already has a certain level of bias and is subject to over reporting.  Ideally this bias would 
be equal in the two groups studied but in this study as the reporting method is not the 
same it is possible the self-reporting bias will be unequal between the two groups, 
possibly skewing the results.  Self-monitoring is a key element of the self-regulation that 
makes up Social Cognitive Theory, which serves as the framework for this application 
intervention.  The goal of the study is to provide an application intervention that delivers 
based on complete Social Cognitive Theory in a single platform.  To do so it must 
include self-regulation and it needs to be compared with a control group that does not.  
There is no way to record the compliance of the control group without self-reporting that 
accomplishes the goal of this study, however.  A potential solution would be to supply 
activity monitors from which compliance data could be collected in the control group, but 
this would introduce its own bias as one group would be supplied the device and the other 
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would not.  Another option would be to supply both groups with research grade 
accelerometers, which are the gold standard for monitoring the physical activity of 
research subjects.  It was decided not to use research grade accelerometers in this 
preliminary study due to the cost.  Future studies using research grade-accelerometers 
could evaluate the efficacy of this application without the bias of alternate self-reporting 
methods that is present in this study.  Whether or not the results of this study indicate 
improved compliance in the intervention group over the control group, future studies are 
warranted to evaluate if the application can improve compliance with a study design in 
which reporting is done in the same manner for each group.   
There is also potential bias due to the Hawthorne effect, or the impact on behavior 
that one’s awareness that they are being studied can have.33  Both the control and 
intervention groups are subject to such an effect in this study and it is not clear that either 
group would experience more of this effect than the other.  If one group was more 
susceptible to the Hawthorne effect, that could affect the results of this trial, either 
masking a difference in compliance between the two groups, or increasing any difference.  
If both groups are equally affected, then the results observed in this study may not 
perfectly reflect the effect this intervention would have if used therapeutically in the 
future.   
16.1.3 Strengths 
The strengths of the study lie in its novel intervention and rarely measured 
outcomes.  Studies with compliance for physical activity are rare and research to 
investigate means of improving compliance with physical activity regimens is needed.  
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The Otago exercise program has led to statistically significant success in fall reduction 
but, as its delivery is reliant on trained physiotherapists, there does not exist a means of 
administering this exercise routines through an electronic delivery source.  Although this 
study will continue to use physiotherapist, it could serve as the first step towards 
evaluating a means of delivering these exercises without the costly workforce of trained 
physiotherapists.  Furthermore the potential of the Otago exercise program has been 
limited by poor compliance.  This study would be the first attempt at providing a 
potential solution toward that problem and could serve to increase the potential of these 
exercises to reduce falls worldwide.  
 
16.2 Summary 
The population over age 60 is the fastest growing demographic worldwide2.  About a 
third of people over the age of 65 suffer at least one fall per year2 with the rate of falls 
doubling for each decade of age beyond 701.  The elderly are the fastest growing trauma 
patient demographic with half their admissions as a direct consequence of falls4 from 
serious injuries like hip fractures and traumatic brain injuries2.  Falls and their 
consequences are a growing burden.  Physical inactivity is a risk factor for falls2 and the 
limited research conducted about the physical activity of older adults has found that they 
are not compliant with recommended guidelines13.  Increasing physical activity with 
Otago exercises has led to reductions in the number of falls and fall related consequences 
in multiple randomized controlled trials with lack of compliance cited as a limiting factor 
of the Otago exercise program’s potential12.  Behavioral interventions, in particular those 
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based on Social Cognitive Theory, have demonstrated an ability to promote compliance 
with a prescribed exercise regimen14 and mobile fitness technologies have demonstrated 
potential in acting as a cost effective vehicle for the delivery of Social Cognitive Theory-
based interventions.  There is limited data about the elderly population using such fitness 
technologies but what research has been conducted showed that the elderly generally 
found them usable.31  Based on this evidence, there is literature precedent that Social 
Cognitive Theory-based interventions can be delivered to the geriatric population through 
a smartphone to potentially improve compliance with an exercise regimen found to 
reduce falls.  If this study were to demonstrate an increase in compliance, further studies 
could evaluate the application’s effect on the rate of falls.     
16.3 Clinical and/or Public Health Significance 
 The goal of this project is to provide a tool to improve compliance and, thus, 
potentially reduce the rate of falls.  Falls are presently a significant public health problem.  
Falls have the potential to result in major injuries, death, and years lived with disability.  
All of these fall related consequences place a significant emotional and financial strain on 
the patients who fall, the providers, nurses, and health care staff who treat them, and the 
family members who care for and support them.  Presently the issue of falls is on the rise 
as the population at greatest risk for falls grows to occupy a more substantial proportion 
of the population.  Development of successful strategies to decrease falls could alleviate 
the burden which they presently impart on society, and could reduce the current trajectory 
of this burden.  As many older people are not sufficiently active, and sedentary lifestyles 
are associated with risk for falls, a means of increasing the physical activity of this 
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generation is a logical approach towards developing such a strategy.  The Otago exercises 
have demonstrated clear potential for fall prevention.  Their power is limited however.  A 
smartphone application that could both deliver the Otago exercises to patients who would 
normally not have access to them and furthermore, could lead to increased compliance 
with the exercises from those patients would be a very valuable application.  Use of this 
application would have the potential to reduce significant injury, death, years with 
disability, and significant costs presently associated with falls.   
Should this application be successful, its potential does not have be limited to falls 
but could serve other public health problems as well.  Physical activity is indicated as a 
preventative measure for a number of public health problems which also have significant 
mortality, cause widespread suffering, and place a financial burden on the healthcare 
system.  Such conditions include obesity, diabetes mellitus, cardiovascular disease, and 
others.  Lack of compliance with prescribed exercises is also limiting to such problems 
and a successful means of promoting compliance could also serve to mitigate the strain 
these problems impart.  Should this application demonstrate improvements in compliance 
the Otago exercises, future application developers could use its principles towards other 
exercise regiments and future researchers could evaluate its potential at alleviating other 






Table 1: Otago Upper Body Exercises 
Upper Body  Lower Body Mobility 
Head Movements Ankle Movements Knee Bends 
Neck Movements Front Knee Strengthen Backwards Walk 
Back Extensions Back Knee Strengthen  Walk and Turn 
Trunk Movements Side Hip Strengthen Sideways Walk 
 Calf Raises Heel Toe Stand 
 Toe Raises One Leg Stand 
  Heel Walking 
  Toe Walking 
  Heel Toe Walk Backwards 
  Sit to Stand 
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